A series of N-methyl/acetyl 5-(un)-substituted isatin-3-semicarbazones were screened for anticonvulsant and sedative-hypnotic activities. The results revealed that protection was obtained in all the screens i.e., Maximal electroshock, (MES) subcutaneous pentylene tetrazole (scPTZ) and subcutaneous strychnine (scSTY) screens. Three compounds (5a, 5e and 5i) possessed anti-MES activity and all the compounds were less neurotoxic than phenytoin, carbamazepine and phenobarbital. All the compounds were completely non-toxic at 4h when compared to phenytoin, carbamazepine and phenobarbital, which were toxic at 100 and 300 mg/kg respectively. Compounds 5a, 5b, 5e, 5g and 5i emerged as the active compounds in oral MES screen. Selected compounds were evaluated for quantification studies in MES, scPTZ and neurotoxicity screens after i. p (5b, 5i) and oral administration (5a, 5g) in rats. Among all the compounds 5a, 5b and 5g emerged as broad-spectrum compounds as indicated by their protection in MES, scSTY and scPTZ screens. All the compounds except compound 5b showed significant sedative-hypnotic activity. 
Introduction
Epilepsy affects 1% of world's population according to the epidemiological studies. Current clinically available drugs produce satisfactory seizure control in 60-70% of patients [1] . Current drug therapy for epilepsy suffers from a number of disadvantages including the fact that the convulsions of approximately 25% epilepsies are inadequately controlled by medication. Therefore, the need for more effective and less toxic antiepileptic drugs still exists [2] . Semicarbazones have documented consistent advances in the design of novel anticonvulsant agents, through the work of Dimmock and his colleagues [3] . A number of aryl semicarbazones possessed greater protection in the MES screen [4] . If the aryl semicarbazone displaying activity in the MES screen interact at a specific binding site, it is likely that the semicarbazone group and the aryl ring align at complementary areas on a macromolecular complex in vivo; these areas have been referred to as the hydrogen bonding area and the aryl binding site, respectively [5] .
It has been proposed that for activity in the MES test, a compound should have a large hydrophobic group in the close proximity to at least two electron donor atoms [6] . The semicarbazones containing a hydrophobic moiety (aryl ring) as well as two electron donor atoms in the semicarbazone group have been shown to possess activity in MES as well as scPTZ screen. Earlier, in this laboratory a number of substituted phenyl semicarbazones (4-Cl, 4-Br, 4-NO 2 etc) have been synthesized and evaluated for anticonvulsant activity. All the compounds showed anticonvulsant activity in MES, sc PTZ, sc STY and NT screens in one or more test models.
Isatin has been reported to possess anti-MES activity and it appears to have a range of actions in brain. Therefore, we have selected isatin as one hydrophobic centre. In our present research work isatin was chosen as a basic nucleus because from the earlier literature, it was clear that indole nucleus as such has got the anticonvulsant properties. Isatin also, is known to exhibit the anticonvulsant property in the sc PTZ test [7] (Mueller, 1962) substituting the hydrogen (from -NH in indole nucleus) with methyl and acetyl group enhanced the lipophilicity of the compounds.
Results and Discussion

Chemistry
The N-methyl/acetyl isatin (3) and 5-bromo/nitro-N-acetyl isatin (2) were prepared starting from isatin (1) [8] . The p-substituted phenyl semicarbazides (4) were prepared from appropriate anilines according to the method reported earlier [6, [9] [10] [11] . The semicarbazones (5) (Compounds 5a-5k) were prepared by the condensation of Nsubstituted-5-(un)-substituted isatin with appropriate phenyl semicarbazides (2-Cl, 4-Cl, 4-Br, 4-NO 2 and 4-SO 2 NH 2 ). The homogenity of the compounds was monitored by thin layer chromatography (TLC) on silica-G (Merck) coated glass plates, visualized by iodine vapour. The physical data and elemental analysis of compounds were presented in H-NMR spectra of compound 5g revealed a singlet at δ 2.6 of 3H of the N-acetyl substituent. The singlet at δ 5.6 of 1 H was due to amidic -CONH proton, which was D 2 O exchangeable. A singlet was observed at δ 9.8 for 1H of =N-NH protons that was D 2 O exchangeable. A singlet at δ 10.7 of 2H confirmed the sulfamoyl group.
The mass spectra of compound 5g showed prominent molecular ion peaks at m/z 480/482, and the doublets inferred the presence of bromine atom in the compound. 
Tab. 1. Physical Data of N-methyl/acetyl
Pharmacology
The evaluations of the semicarbazones in the mice i.p. MES, scPTZ, scSTY and NT screens are summarized in table 3. Compounds were administered to mice by intraperitoneal route 30 min. before evaluation of the activities in these tests. Comparison with data recorded under the same conditions on phenytoin, carbamazepine and isatin, the reference prototype antiepileptic drugs.
MES and rotorod test
At doses tested (30, 100 and 300 mg/kg) compounds (5a, 5e and 5i) possessed anti-MES activity at 100 mg/kg and compounds (5a, 5d, 5f, 5g and 5j) were potent at 300 mg/kg.
Compounds 5b, 5d and 5f were potent in the MES test after 1 h at the dose of 100 mg/kg and the only compound 9 is potent after 4h at the dose of 300 mg/kg.
Sc PTZ Test
Compounds 5a and 5e are potent at 100 mg/kg at which they are equipotent to carbamazepine and the compound 5a is potent at 300 mg/kg after at which carbamazepine does not exhibit activity. Compounds 5b and 5i are potent at 300 mg/kg for 0.5h and showed neurotoxicity equivalent to carbamazepine.
Sc STY Test
Majority of the compounds were found potent in this test at 300 mg/kg after 0.5h. Only 2 compounds 5e and 5j were inactive and compounds 5d, 5g and 5i were potent after 4h at 300 mg/kg and compound 5c is completely non-toxic. All the compounds except compound 5g were toxic were equal to carbamazepine and at 0.5h they were non-toxic at 4h whereas carbamazepine and pheytoin were toxic at 300 mg/kg and 100mg/kg after 4h intervals. All the compounds were less neurotoxic than phenytoin and carbamazepine.
Mice were unable to grasp rotorod after administration of the following compounds, viz, 5a (300, 0.5h), 5b (300, 0.5h), 5d (300, 0.5h), 5e (300, 0.5h), 5g (300, 0.5h), 5i (300, 0.5h), and 5j (300, 0.5)
Tab. 3. Anticonvulsant and neurotoxicity profile of the synthesized compounds.
Intraperitoneal injection in mice a MES screen scPTZ screen scSTYscreen NT Comp.
0.5h 4h 0.5h 4h 0.5h 4h 0.5h 4h 5a 100 -100 300 300 -100 100 5b 300 100 300 -300 -100 -5c
NOT NOT --300 ---5d 300 100 --300 300 100 -5e 100 -100 ---100 -5f 300 100 --300 -100 -5g 300 ---300 300 300 -5h 100 300 300 300 100 300 100 - Majority of the compounds (5a-5c, 5e-5i) except 5d and 5j were examined for activity in the rat oral MES screen and these data are presented in table 4. Initially a dose of 30 mg/kg was employed. Compounds afforded complete protection against seizures confirming their potential utility as prototypic molecules and compounds (5a, 5b, 5e, 5g and 5i) emerged as the most active compounds in the rat oral MES screen. Quantification of compound 5b and 5i in the mice i.p MES, sc PTZ and NT screens were undertaken at the time of peak effect, namely 4h. 
Sedative-hypnotic activity
All the compounds except 5i were tested for sedative hypnotic activity at 30mg/kg for pentobarbitone-induced narcosis in rats. All the compounds except 5b are found to potentiate the narcosis and found to have significant sedative-hypnotic activity.
The compounds were screened at 30, 100 and 300 mg/kg in the MES, scPTZ and sc STY tests. Compounds 5a, 5e and 5i possess anti-MES activity and have responded to anticonvulsant property in various tests and some of them have advantage over phenytoin, carbamazepine and sodium valproate in the scPTZ test also. Compound 5a is active for 4h in the scPTZ test and found to be more potent than sodium valproate. Compounds 5a and 5e are equipotent to carbamazepine in the scPTZ test. They have only neurotoxicity at 100mg/kg equal to phenytoin and carbamazepine. Compounds 5a and 5e are more active as they are potent in MES as well in scPTZ test. There is considerable increase in anticonvulsant activity over isatin. Introduction of N-acetyl group which could be easily hydrolysed to putative =NH group and also due to the substitution of bromo and nitro group in the 5 th position of isatin increased the activity due to increased lipophilicity (NO 2 ) π =0.11, (Br) π =0.80 Compounds 5b, 5d and 5f were active in the MES test after 1h. Compound 5i is found to be the most active compound as it is potent in all the tests performed and also active when compared with phenytoin, carbamazepine, sodium valproate and ethosuximide. In mice i.p quantification the ED 50 of compound 5b and 5i in MES and scPTZ are less when compared to valproate and it's more active than valproate and less active than carbamazepine and phenytoin. In rat oral quantification the ED 50 of compound 5a in the MES screen is less than valporate and compound 5g was equipotent with that of phenytoin. 
Pharmacological Tests
The anticonvulsant evaluation [14] [15] [16] was undertaken by the National Institute of Neurological Disorders and Strokes, NIH (USA) using their reported procedures. Male albino mice (CF-1 strain, 18-25g) and male albino rats (Sprague-Dawley 100-150g) were used as experimental animals. The semicarbazones were suspended in 0.5% methyl cellulose/water mixture or in polyethylene glycol (PEG).
Anticonvulsant Screening
All of the compounds were injected intraperitoneally in a volume of 0.01ml/g body weight for mice, and evaluated in the MES, scPTZ, scSTY and NT screens, 0.004ml/g body wt.
for rats of MES, scPTZ and scSTY doses of 30, 100 and 300 mg/kg at two different time intervals to 1 of 4 animals. These data are presented in table 3. Majority of the compounds were also evaluated orally in rats for activity in the MES test at several time points and presented in table 4.
Neurotoxicity (NT) screen
Minimal motor impairment was measured in mice by the rotorod test. The mice were trained to stay in an accelerating rotorod that rotates at 10 revolutions per minute. The rod diameter was 3.2 cm -1 . Trained animals were given i.p injection of the test compounds in doses of 30, 100 and 300 mg/kg, Neurotoxicity was indicated by the animal to maintain equilibrium on the rod for at least 1 min in each of the three trials. 
Sedative-hypnotic activity
This test was performed with the test substances in a dose of 30 mg/kg by pentobarbitoneinduced narcosis in rats. The compounds in PEG were administered i.p to a group of six rats. After 30 min, rats were then placed on their back and loss of righting reflex was taken as onset of sleep. The time taken by the rats to awake was noted. A control was also performed after pretreatment with test substances vehicle (PEG) and injected pentobarbitone.
Experimental
Chemistry
Melting points were determined in open capillary tubes on a Thomas Hoover melting point apparatus and are uncorrected. Infrared (IR) spectra were recorded for the compounds on Jasco FT/IR 5300 (KBr).The 1 H-NMR and 13 C-NMR (300.40 MHz) spectra were recorded on JEOL-AL 300 (Fourier Transform) instruments, respectively. In proton nuclear magnetic resonance spectroscopy all exchangeable protons were confirmed by addition of D 2 O. Chemical shifts are reported in ppm (δ) using tetra-methyl silane (TMS) as internal standard. Mass spectra were recorded on JEOL SX 102/DA-6000 Mass spectrometer. Elemental analyses (C, H, N) undertaken with Perkin Elmer Model 240C analyser for all the compounds and were within 0.4% of the calculated values.
N-Methyl/acetyl isatin were synthesized from isatin according to the earlier reported methods.
1-Methyl-1H-indole-2,3-dione (N-Methylisatin) [8]
Yield: 77% m.p. 131°C (lit. 134°C);
1-Acetyl-1H-indole-2,3-dione (N-Acetylisatin)
Yield: 75% m.p. 140°C (lit. 141°C).
5-Bromo/nitro N-acetyl isatin and 5-nitro N-methyl isatin were synthesized according to the earlier reported methods. [13] (% Nitrogen found: 19.53%, calculated: 19.57%) Yield: 70% m.p. 171°C (lit. 170-172°C)
1-Acetyl-5-bromo-1H-indole-2,3-dione (5-Bromo-N-acetylisatin)
1-Methyl-5-nitro-1H-indole-2,3-dione (5-Nitro-N-acetylisatin) [12]
Yield: 62% m.p. 192°C (lit. 193-194°C)
5-Bromo-1-methyl-1H-indole-2,3-dione (5-Bromo-N-methylisatin) [13]
Yield: 70.7% m.p. 173°C (lit. 172-173°C) (% Nitrogen found: 17.54%, calculated: 17.57%).
N-Phenylhydrazinecarboxamide (Phenyl semicarbazide) [6]
Equimolar quantities of (0.1 mol) phenyl urea (7.4 g) and hydrazine hydrate (5 ml) in ethanol were added. The reaction mixture was made alkaline by adding sodium hydroxide (4.0 g) and is refluxed for 24 hrs and kept in ice. The substituted phenyl semicarbazides (4-Cl, 4-Br, 4-NO 2 , 4-SO 2 NH 2 ) were synthesized according to earlier reported methods.
N-(2-Chlorophenyl)hydrazinecarboxamide (o-Chlorophenyl semicarbazide) [6] Yield : 68%, m. p. 172°C (lit. 179°C); N-(4-Chlorophenyl)hydrazinecarboxamide (p-Chlorophenyl semicarbazide) [6] Yield : 72%, m. p. 232°C (lit. 234°C); N-(4-Bromophenyl)hydrazinecarboxamide (p-Bromophenyl semicarbazide) [9] Yield: 74%, m. p. 268°C (lit. 270°C); N-(4-Nitrophenyl)hydrazinecarboxamide (p-Nitrophenyl semicarbazide) [10] Yield: 78% m. p. 185°C (lit. 191°C);
N-(4-Sulfamoylphenyl)hydrazinecarboxamide (p-Sulfamoylphenyl semicarbazide):
Yield: 67%, m. p. 192°C (lit. 195°C).
General method for synthesis of N-substituted-5-(un)-substituted isatin-3-semicarbazones (5a-5k).
To a solution of 2/4 -substituted phenyl semicarbazides in ethanol was added an equimolar quantity (0.002 mol) of N-methyl/acetyl-5-Bromo/nitro isatin in ethanol. The pH of the reaction mixture was adjusted between 5-6 by adding glacial acetic acid. The reaction mixture was refluxed for 1-3h. The product obtained after cooling was filtered and dried. Recrystallized from 95% ethanol. The purity of the compounds was determined by TLC and the eluants used were chloroform:methanol (9:1) for all the compounds. The spectral data of the synthesized compounds are as follows (KBr) cm -1 . 2, 117.8, 121.3, 121.3, 121.7, 122.5, 124.5,  129.4, 129.9, 131.3, 132.8, 142.0,144.0, 148.1, 157, 159, 2-(1-Acetyl-2-oxo-1,2-dihydro-3H-indol-3-ylidene) 
1-Acetyl-1H-indole-2,3-dione 3-[N-(4-chlorophenyl)semicarbazone] (5a)
UV
1-Acetyl-1H-indole-2,3-dione 3-[N-(4-nitrophenyl)semicarbazone] (5b)
4-({[
1-Acetyl-5-bromo-1H-indole-2,3-dione 3-[N-(2-chlorophenyl)semicarbazone] (5d) UV (methanol): (λ max) (nm) 302.5, 255, 244.5. IR (KBr): 3441 (2°NH), 3314 (NH), 2918 (-
1-Acetyl-5-bromo-1H-indole-2,3-dione 3-[N-(4-chlorophenyl)semicarbazone] (5e)
1-Acetyl-5-bromo-1H-indole-2,3-dione 3-[N-(4-nitrophenyl)semicarbazone] (5f)
UV ( 2-(1-Acetyl-5-bromo-2-oxo-1,2-dihydro-3H-indol-3-ylidene) 
4-({[
1-Acetyl-5-nitro-1H-indole-2,3-dione 3-[N-(2-chlorophenyl)semicarbazone] (5h)
UV ( 
Pharmacological Evaluations
All studies were performed under protocols approved by the Institutional Animal Care and Use Committee of the National Institute of Neurological Disorders and Stroke (NINDS), NIH in strict compliance with the Guide for the Care and Use of Laboratory Animals of the National Research Council (National Academy Press, Washington, D.C.; The animal facilities were fully accredited by the American Association for the Accreditation of Laboratory Animal Care).
The initial anticonvulsant evaluation of N-methyl/acetyl isatin and 5-nitro/bromo N-acetyl/ methyl isatin-3-semicarbazones was undertaken by following the Anticonvulsant Drug Development (ADD) program protocol. [14] [15] [16] . The profile of anticonvulsant activity was established after intraperitoneal (i.p) injections by one electrical and two chemical tests. The electrical test employed was the maximal electroshock seizure (MES) pattern test. The chemical tests employed were the subcutaneous pentylene tetrazole (scPTZ) seizure threshold test and subcutaneous strychnine (scSTY) seizure threshold test. Minimal motor impairment was measured by the rotorod (neurotoxicity, NT) test. Table 3 lists the results obtained from the initial anti-convulsant evaluation compared to the clinically proven antiepileptics like phenytoin, carbamazepine and isatin. Some compounds were administered orally to rats and examined in the MES screen and the data are presented in table 4. The compounds were also evaluated for the sedativehypnotic activity by using pentobarbitone induced narcosis in rats [6] and presented in table 5.
Conclusions
The results of the investigations indicate that from our earlier studies the three essential structural features to interact at the binding site are a lipophilic moeity (4-bromophenyl, 4-chlorophenyl or 4-nitrophenyl). a hydrogen bonding domain (amide function -NH-CO-NH-) a distal aryl ring at the carbimino terminal benzylidene ring for controlling the pharmacokinetic properties of the compounds.
The π value of 4-chloro group is 0.71 and bromo group is 0.86. Due to the high π value the lipophilicity is increased. Considering this paradigm, we have substituted isatin with 5-bromo and 5-nitro groups and have also substituted with ortho and para substitution in semicarbazides with these groups (2-Cl, 4-Cl, 4-Br, 4-NO 2 , 4-SO 2 NH 2 ), Due to high lipophilicity it has exhibited anticonvulsant activity in MES, scPTZ, scSTY and NT screens. The compounds 5a, 5b, 5e, 5g and 5i were the most active compounds and emerged as lead compounds in further modification of semicarbazones as anticonvulsants.
Due to hydrophobic nature of bromo group in phenyl moiety of isatin the molecule is more active, further introduction of acetyl group has also increased the lipophilicity of the compound, which will enhance the absorption of the molecule. The acetyl group can also be easily hydrolysed to give a free N-H containing compound necessary for hydrogen bonding which may be responsible for the bioactivity, further acyl groups are needed to explore the structural activity relationship.
In conclusion compound 5a, 5e and 5i could be the lead compounds for further beneficial modification in the design of semicarbazones as anticonvulsants.
